T Bowen 1, 2 , N Norton samples concurred with the sequence published originally 7 (Table 1 ; Figure 1a , b and c). However, such 1 Division of Psychological Medicine; 2 
Division of Medical
analysis yielded a number of non-specific terminations Genetics, University of Wales College of Medicine, Cardiff, in heterozygotes (data not shown). Consequently, UK sequences of both wild-type and variant alleles were confirmed following the cloning of PCR products (Figure 1d and e). The SSCP profile representing 13- (Table 1) . In this case, band-shifts corresponded to the to neuropsychiatric disorders, CCK is a suitable canditransversion 1270C→G, 7 bp upstream of the exon 2 date for analysis using methods to detect gene varisequence 7 (see Figure 2 ). In accordance with the exon ations which have the potential to affect protein struc-1 data, different SSCP profiles were found to correture or expression. 6 In the present study, mutation spond with heterozygous and homozygous 1270C→G
analyses were carried out on the human CCK gene.
transversions. Furthermore, these changes were found (n = 124) did not differ from those of control subjects (n = 234), suggesting that these variations do not confer
Since the polymorphisms were found to be in coma predisposition to either of the functional psychoses.
plete linkage disequilibrium, statistical analysis The human CCK gene is located towards the teloamounted to a single-locus study. Allele (P = 0.20) and mere of the short arm of chromosome 3 (3pter-p21) and genotype (P = 0.52) frequencies were very similar in the comprises three exons of 62, 216, and approximately two control groups so the control samples were com-400 base pairs (bp), respectively. 7 Exon 1 codes for a bined for further analyses. Table 1 shows the distri-5′ untranslated region, exon 2 for a signal peptide and bution of alleles and genotypes in the combined controls and in the two patient samples. Control (P Ͼ0.95), the third exon encodes the functional domain of the bipolar (P = 0.71) and schizophrenia (P = 0.75) samples recting for multiple testing). This study had a power of approximately 0.80 to detect allelic differences of small were close to Hardy-Weinberg equilibrium. Allele and genotype distributions were very similar in each proto moderate effect size (ES Ͼ0.20) at P Ͻ0.05 for both schizophrenia and bipolar disorder. 9 band group and in controls with no comparison approaching conventional levels of statistical signifiRecent functional studies on the CCK promoter region have shown that three major determinants of cance (P Ͼ0.20 for all comparisons, even before cor- CCK gene transcription bind to sites upstream from the (eg Chu et al). 19 Secondly, these polymorphisms do not seem to play an important part in predisposition to transcription initiation site. 8 These comprise a basic helix-loop-helix leucine zipper motif (bHLH-ZIP; either schizophrenia or bipolar disorder. Nevertheless, bearing in mind the multi-functional role of CCK −106 to −101), one combined cAMP and TPA-responsive element (CRE/TRE; −89 to −82) and one Sp1 throughout the body, they may be of use in other studies, eg panic disorder.
15 element (−48 to −43). Interestingly, the transition −45C→T occurs within the last of these and results in a sequence change in the Sp1 motif 10 from GGGCGG to Materials and methods GGGTGG. Sp1 sites can form multiple close contacts with the human transcription factor Sp1, which binds Subjects Written informed consent was obtained from both upstream from certain promoters and activates initiation of RNA synthesis from these promoters by patients and control subjects after details of the respective procedures had been explained fully. The RNA polymerase II. 11, 12 This Sp1 site is 3 bp upstream from the putative TATA-box region 7, 8 and hence it is study was approved by the relevant research ethics committees. All patients and control subjects were possible that a polymorphism within this region might affect the efficiency of transcription. Faisst and Meyer 13 Caucasians born in the United Kingdom. In each case both parents were born in the United Kingdom or Irenoted that Sp1 had a 'rather loose binding specificity to G-rich sequences upstream of TATA boxes'. Howland. ever, the consensus sequence given for Sp1 sites 13 (G/TG/AGGCG/TG/AG/AG/T) contains an invariant C Bipolar probands One hundred and twenty-four unrelated British Cauca-(underlined) at the position which was found to be polymorphic in the present study. It is also of interest sians (51 male; mean age 45 years, standard deviation (s.d.) 14 years), meeting DSM-IV 20 criteria for Bipolar that, since we first described this polymorphism, 14 preliminary data have suggested that it may be a suscepti-I Disorder, were recruited from psychiatric outpatient clinics in South Wales and the Midlands of England bility locus for panic disorder. 15 Polymorphisms were not found in the CRE/TRE element. Since the bHLHwith enrichment for familial cases. Probands were all interviewed by a trained psychiatrist using either ZIP motif lay within the forward primer sequence (1aF, CACGTG), this region was not analysed. SADS-L (Schedule for Affective Disorders and Schizophrenia, Lifetime version) 21 modified to provide diagTransversion 1270C→G precedes CCK exon 2 and lies within a 3′ mRNA splice acceptor site consensus nostic information for DSM-IV or by SCAN (Schedules for Clinical Assessment in Neuropsychiatry), 22 and sequence 16 (see Figure 2) . The presence of a G nucleotide at a position usually occupied by a pyrimidine (C hospital records obtained. Best estimate lifetime diagnoses were made upon the basis of all available clinical in this case) may affect the splicing of CCK exon 2. Also, a G nucleotide occurs in both wild-type and polydata. It should be noted that we have previously demonstrated highly satisfactory agreement at the level of morphic sequences four bases upstream at position 1266, at a Y 80 site in the consensus sequence. It is interfinal diagnostic classification between data elicited by SADS-L and by the Present State Examination versions esting to note that two C→G transversions have been found in 3′ acceptor sites which give rise to disease in 9 (PSE-9) 23 or 10 (SCAN). 24,25 Ninety-four probands had a first or second degree relative who had received humans. 17 One of these, which causes ␤-thalassemia, occurs in the same position with respect to the consenpsychiatric treatment and 19 of these probands were from families in which there were at least two other sus sequence as 1270C→G.
18
In conclusion, the findings of this study can be sumcases of bipolar disorder. marised in the following two points. First, two linked polymorphisms were found, one each upstream of CCK Schizophrenia probands One hundred and seventeen unrelated British Caucasiexons 1 and 2. The former occurred in a region involved in gene transcription, the latter near a 3′ ans (78 male; mean age 42 years, s. SSCP analysis was carried out by electrophoresis of two or more affected siblings. The remaining 12 subjects were recruited from local inpatient and day hospi-5 l of PCR product through non-denaturing 10% polyacrylamide (49:1; acrylamide : bis, Sigma-Aldrich Co, tal facilities.
Poole, UK) at 70 V for 16 h at both room temperature and 4°C. This analysis was carried out at both temperaControls tures in the first instance and thereafter at the optimal Unrelated British Caucasian controls were recruited temperature for each exon or at both temperatures if from a local branch of the National Blood Transfusion no band-shifts were apparent from initial screening. (Wales). They were not screened for the absence of psy-DNA was visualised by silver staining. CCK exons 1 chiatric illness, although it should be noted that it is and 2 were analysed further using the full samples of the policy of the National Blood Transfusion Service patients affected with either schizophrenia or bipolar not to take donations from individuals on medication.
disorder and matched controls. Group matching was performed to obtain one control group with similar age and sex distribution to the Heteroduplex analysis schizophrenia proband group (n = 114; 75 male; mean Due to the known size constraints on SSCP, 27 heteroage 43 years, s.d. 12 years) and one control group simiduplex analysis (HA) was also used to analyse PCRlar to the bipolar proband group (n = 120; 52 male; amplified fragments containing exon 2 (primer pair 2; mean age 44 years, s.d. 11 years).
392 bp) and exon 3 (defined by primers 3aF and 3cR; 518 bp). HA is more suitable for mutation detection in larger fragments and was carried out as described pre-PCR amplification of CCK exons 1, 2 and 3 PCR amplification of CCK exons 1, 2 and 3 was viously.
29 accomplished using primers designed to non-exonic sequences flanking each exon 7 and high molecular Sequencing studies Sequencing reactions were carried out on selected weight genomic DNA isolated from lymphocytes by phenol/chloroform extraction. The analysis of all samples which were chosen upon the basis of their SSCP profiles. Analyses were performed on both exons was conducted initially on a sub-set of the schizophrenia sample. This sub-set, of 40 affected indistrands of double-stranded PCR products using the forward and reverse PCR primers and a kit (70170, viduals and 40 matched controls, included one affected member from each of 13 multiply-affected families.
Amersham) according to the manufacturer's instructions. However, in samples heterozygous for the polyDue to the inefficiency of SSCP in identifying polymorphisms in large PCR fragments, 27 analysis of CCK exon morphic transition −45C→T in the CCK exon 1 fragment, numerous inconsistent terminations were 3 (Ϸ400 bp, 7 plus flanking sequence) was carried out using three smaller overlapping fragments. These were observed. Also, sequencing of exon 2 with primer 2R yielded poor results, probably due to the presence of defined by primer pairs 3a, 3b and 3c, which spanned the coding sequence and the 3′ untranslated region. 7 eight non-contiguous identical bases in both primer sequences. It has been reported that this may result in Primer sequences are given 5′ -3′, forward (F) and reverse (R). The predicted sizes, in bp, of the amplified the generation of fragments from both ends of the PCR product. 30 Hence, alleles were separated by cloning of fragments are bracketed after each reverse primer sequence. Exon 1F -CCTCTGAGCACGTGTTACTG, selected PCR amplified fragments into the pMOSBlue T-vector (Amersham) and analysed using universal pri-1R -GGGCACAAAGCTGAAGACAG (257); 2F -CTGG CGGGTCTGGAGCAC, 2R -AGCATCGGGAGCCTGGG mers and a cycle sequencing kit (78500, Amersham). AACAA (392); 3aF -TCCTTCCCAACAAATTGAAC TAG, 3aR -CCTCTAGGAGGGGTACTCATACTC (211);
Restriction fragment length polymorphism (RFLP) analysis 3bF -CCAGCCACAGGATAAGTGACC, 3bR -AAACT CCACAGACAATGAGTTATG (185); 3cF -CCCAGAGG The sequence change upstream from exon 1 conferred by the transition −45C→T created an additional site for AGGCAGAATAAGA, 3cR -GCCCTTTGCCCTCAGTA GAC (269).
the restriction endonuclease AciI, resulting in an RFLP. However, we were unable to detect this RFLP reproduReactions were carried out in a total volume of 12.5 l containing 1 × PCR buffer (Amersham Intercibly and hence all samples were analysed by SSCP. national, Bucks, UK), 40 ng of DNA, primers at 1 M, dNTPs at 0.08 mM and 0.5 U of Taq polymerase Statistical analysis Departure from Hardy-Weinberg equilibrium was (Amersham). MgCl 2 was added to 1.0 mM for primer pairs 1, 2 and 3b or 1.5 mM for 3a and 3c. Ten per cent tested using a 2 goodness-of-fit test. Statistical significance of differences between allele distributions was DMSO was added for amplifications using primer pair 2. Each reaction began with a single denaturation step assessed using 2 tests. For genotype distributions some cells in contingency tables had expected counts of 94°C for 5 min. This was followed by 30 
